Given its peak luminosity and early-time spectra, ASASSN-15lh was classified as the most luminous supernova (SN) ever discovered (Dong et al. 2016 ). Here we report a UV rebrightening of ASASSN-15lh observed with Swift during our follow-up campaign. The rebrightening began at t 90 days (observer frame) after the primary peak and was followed by a ∼ 120-day long plateau in the bolometric luminosity, before starting to fade again at t 210 days. ASASSN-15lh rebrightened in the Swift UV bands by ∆m U V W 2 −1.75 mag, ∆m U V M 2 −1.25 mag, and ∆m U V W 1 −0.8 mag, but did not rebrighten in the optical bands. Throughout its initial decline, subsequent rebrightening, and renewed decline, the spectra did not show evidence of interactions between the ejecta and circumstellar medium (CSM) such as narrow emission lines. There are hints of weak Hα emission at late-times, but Margutti et al. (2016) have shown that it is narrow line emission consistent with star formation in the host nucleus. By fitting a blackbody we find that during the rebrightening the effective photospheric temperature increased from T BB 11000 K to T BB 18000 K. Over the ∼ 550 days since its detection, ASASSN-15lh has radiated ∼ 1.7-1.9 × 10 52 ergs. Although its physical nature remains uncertain, the evolution of ASASSN-15lh's photospheric radius, its radiated energy, and the implied event rate, are all more similar to those of H-poor superluminous supernovae (SLSNe-I) than to tidal disruption events (TDEs).
INTRODUCTION
The discovery of super-luminous supernovae (SLSNe) (Quimby et al. 2011; Gal-Yam 2012) came as a surprise to the astronomical community despite many decades of e-mail:godoyrivera.1@osu.edu research on supernovae (SNe). One reason is that SLSNe appear predominantly in dwarf galaxies (Neill et al. 2011; Stoll et al. 2011; Lunnan et al. 2015) , which were not well observed in early, local, targeted SN surveys that concentrated on large star-forming galaxies. SLSNe are now being systematically observed by wide-field surveys, starting with the Texas Supernova Search (TSS; Quimby 2006) , and now including the All-Sky Automated Survey for SuperNovae (ASAS-SN 1 ; Shappee et al. 2014) , the Palomar Transient Factory (PTF; Law et al. 2009; Rau et al. 2009) , and the Panoramic Survey Telescope and Rapid Response System (Pan-STARRS; Kaiser et al. 2002) . SLSNe, while rare, have the potential to illuminate our understanding of all terminal stellar explosions, not just the most extreme.
As the community was getting used to the extreme being normal with SLSNe, we discovered ASASSN-15lh (Dong et al. 2016) , which strains theories for SLSN explosion mechanisms. At a redshift of z = 0.2326, ASASSN-15lh was discovered on 2015 June 14 by ASAS-SN, a project designed to monitor the entire visible sky on rapid cadence, looking for bright transients (Shappee et al. 2014) . ASASSN-15lh reached a peak bolometric luminosity of (2.2 ± 0.2) × 10 45 ergs s −1 and radiated (1.1 ± 0.2) × 10 52 ergs in the first four months of observations (Dong et al. 2016) . Its earlytime spectra are reasonably matched by the spectra of type I (H-poor) SLSNe (SLSNe-I). Its host, APMUKS(BJ) B215839.70615403.9 (Maddox et al. 1990) , in contrast to the typical hosts of SLSNe, is a luminous (MK −25.5) galaxy with a low star-formation rate and a high total mass.
In this paper we report a significant UV rebrightening episode, initially noted by Brown (2015) , lasting ∼ 160 days and dominated by a ∼120-day long plateau in the bolometric luminosity. This rebrightening, although unexpected, should help to constrain models for the most luminous SN ever discovered, and provide new insights into the poorly understood physics and mechanisms that power SLSNe-I.
In §2 we present photometric and spectroscopic data taken during our follow-up campaign. In §3 we use these data to model the temporal evolution of the bolometric luminosity, effective photospheric temperature and radius of the source, as well as its spectral energy distribution (SED). In §4 we calculate the energy radiated by ASASSN-15lh, briefly comment on the still unknown power source and nature of the rebrightening, and compare its properties to the tidal disruption events (TDEs) discovered by ASAS-SN and other SLSNe. We summarize our results in §5.
PHOTOMETRY AND SPECTROSCOPY
In this section we present our follow-up photometric and spectroscopic observations of ASASSN-15lh. For consistency we describe the complete period of observation (∼ 550 days) from the first detection of the transient on MJD 57150 through MJD 57704. The data for the period before MJD 57283.4 were already presented in Dong et al. (2016) . Between MJD 57399.5 and MJD 57427.5 our follow-up campaign was suspended due to Sun constraints.
Photometric Observations
ASASSN-15lh was extensively observed by Swift. We use the series of X-ray telescope (XRT; Burrows et al. 2005) and UV/Optical telescope (UVOT; Roming et al. 2005) target-of-opportunity (ToO) observations taken between MJD 57197 and MJD 57704. The UVOT observations were 1 http://www.astronomy.ohio-state.edu/~assassin/ obtained in six filters: V (5468Å), B (4392Å), U (3465Å), U V W 1 (2600Å), U V M 2 (2246Å), and U V W 2 (1928Å) (Poole et al. 2008) . To extract the source and sky counts we used ∼ 5. 0 and ∼ 40. 0 radii regions, respectively, using the software task uvotsource. The measured count rates were converted into magnitudes and fluxes using standard UVOT calibrations (Poole et al. 2008; Breeveld et al. 2010) . The magnitudes obtained here, especially for the UV bands, are slightly different from the ones in Dong et al. (2016) because of updates to the uvotsource calibration database. The Swift photometric data are presented in Table 1 .
During the observations, the XRT operated in Photon Counting mode (Hill et al. 2004) . The X-ray data taken between MJD 57197 and MJD 57704 were combined and reduced using the software tasks xrtpipeline and xselect to produce a 0.3 -10 keV image. The total exposure time is 232 ks. To extract the source and sky counts we used regions of radius 10 pixels (∼ 23. 6 ) and 100 pixels (∼ 236 ), respectively. We do not detect X-ray emission from ASASSN-15lh with a 3σ upper limit of ∼ 1.1 × 10 −4 counts s −1 using the Bayesian inference method described by Kraft, Burrows & Nousek (1991) . Assuming a standard power law spectrum with Γ = 2, this implies a flux limit of < 6×10 −15 ergs cm −2 s −1 , or given the host luminosity distance of d 1170 Mpc (Dong et al. 2016 ), a luminosity limit of LX 9.8 × 10 41 ergs s −1 ( 2.6 × 10 8 L ) (see also Brown et al. 2016c ). Only the combined X-ray image was considered since the constraints for individual epochs are weaker. In Dong et al. (2016) we used the same procedure to derive a 3σ Xray flux limit of < 1.6 × 10 −14 ergs cm −2 s −1 in the same energy range from a total exposure of 81 ks between MJD 57197 and MJD 57283. The updated X-ray limit presented here is more stringent than the one reported in Dong et al. (2016) due to the longer observation period. This limit is consistent with the X-ray detection of ASASSN-15lh at a flux of ∼ 4×10 −15 ergs cm −2 s −1 reported by Margutti et al. (2016) . The origin of the X-ray emission is unclear, and time variability is likely required for a useful interpretation.
In addition to the Swift observations, we also obtained V -and B-band photometry with the Las Cumbres Observatory Global Telescope Network (LCOGT; Brown et al. 2013) 1-m telescopes located at Siding Spring Observatory, South African Astronomical Observatory, and Cerro Tololo InterAmerican Observatories. The images were reduced following standard procedures. We measured instrumental magnitudes using aperture photometry with a 6-pixel aperture radius (∼ 3. 0) and then used AAVSO Photometric All-Sky Survey (APASS; Henden et al. 2015) reference stars in the field to obtain calibrated Johnson-Cousins magnitudes for our target. The resulting magnitudes are slightly different from the ones of Dong et al. (2016) because here we used a larger number of reference stars in the calibration. The LCOGT photometric data are presented in Table 2 .
As explained in Dong et al. (2016) , we also have ASAS-SN V -band pre-discovery images that allow us to date the detection of ASASSN-15lh to MJD 57150. These data provide the only photometric observations for the period before MJD 57189.4.
Given that the V -and B-band of Swift and LCOGT are not identical, we translated the LCOGT magnitudes to the Swift system by deriving offsets between the two data sets. The offsets were calculated using linear interpolation UVM2 UVW2 Figure 1 . Light curves of ASASSN-15lh in the observer frame spanning from 29 days before maximum through 525 days after maximum (MJD 57150 to MJD 57704). The Swift and LCOGT follow-up data are shown as filled circles, and the ASAS-SN V -band data are shown as green squares. The synthetic host galaxy magnitude of V = 18.92 (Dong et al. 2016 ) is shown as the green horizontal dashed line. All magnitudes are in the Vega system as measured by Swift, and were not corrected for extinction or the host contribution. Representative dates for the different stages of the light curve evolution (see §2.1) are shown as black vertical lines at the bottom.
of the LCOGT measurements for the initial period where we have overlapping observations (MJD 57196.5 to MJD 57308.5). We obtained ∆V = −0.052 and ∆B = +0.026, where ∆m = m Swift − mLCOGT. Figure 1 shows the light curves of ASASSN-15lh from its first detection at MJD 57150 through MJD 57704. The source magnitudes shown in Figure 1 are not corrected for the host contribution or Galactic extinction. All V -and Bband magnitudes are shown in the Swift system. The synthetic V -band magnitude of the host galaxy that we derived in Dong et al. (2016) by modeling its SED is also shown. Hereafter the times will be expressed relative to the maximum of the ASAS-SN V -band light curve (MJD 57178.5; Dong et al. 2016) in the observer frame, unless otherwise stated.
The evolution of the light curve is striking. After the maximum, ASASSN-15lh showed a continuous decline at all wavelengths. Then, near t 90 days, a rebrightening began in the UV bands. Figure 1 shows that the rebrightening is largest for the bluer bands: ∆mUV W 2 −1.75 mag (peak at t 133 days), ∆mUV M 2 −1.25 mag (peak at t 133 days), and ∆mUV W 1 −0.8 mag (peak at t 138 days). While this happened in the UV, the U -band remained roughly constant for 97 days (a standard deviation of σU 0.08 mag between t 84 days and t 181 days), and the V -and B-band continued to slowly decline.
We identify five distinct phases in the multi-wavelength light curve of ASASSN-15lh, and note corresponding representative dates: the peak (t 19 days), where all the bands had their maximum brightness, except for the V -band (which had its maximum around t = 0 in the ASAS-SN data); a following decline (t 54 days), where all the bands declined roughly monotonically; the valley (t 81 days), where the UV+U bands reached their first minimum; the unexpected rebrightening (t 127 days) that was seen in the UV and not in the optical (although the U -band stopped declining); and finally a fading stage (t 196 days), where all bands again declined monotonically. The representative dates of these stages are shown as black vertical lines at the bottom of Figure 1 . In §2.2 we show spectra selected to approximately match these representative dates. 
Spectroscopic Observations
In the first ∼ 330 days after the detection of ASASSN-15lh, we obtained numerous spectra. Here we show only a representative sample, illustrating the five stages defined in §2.1, and other late-time epochs. Spectra were obtained with the Robert Stobie Spectrograph (Smith et al. 2006) on the 10-m Southern African Large Telescope (SALT), the Goodman Spectrograph (Clemens, Crain & Anderson 2004) on the 4-m Southern Astrophysical Research Telescope (SOAR), the Magellan Echellette (MagE; Marshall et al. 2008 ) Spectrograph on the 6.5-m Baade telescope, and the Wide Field CCD (WFCCD) camera on the 2.5-m du Pont telescope.
The SALT data were taken with a 1. 5 wide longslit (oriented to PA=127.7
• east of north) and used the PG0900 grating, resulting in a spectral resolution of λ/∆λ ≈ 900. The 2015 July 31 and 2015 August 24 observations used two tilt positions to cover the wavelength range from 3500 -6400Å (without chip gaps) with a total exposure time of 2240 s. The data were reduced with a custom pipeline that incorporates routines from PyRAF and PySALT (Crawford et al. 2010) .
The SOAR observations used an 1. 07 wide longslit with the "M1" blue (for all epochs) and "M2" red (for the December epoch; the GG455 order-blocking filter was also used) 400-line VPH gratings. Standard CCD processing and spectral extraction were accomplished with IRAF 2 . The data Hα Figure 3 . Rest frame spectroscopic evolution of ASASSN-15lh near the wavelength of Hα. The spectra were normalized by a 2nd-degree polynomial fit to the continuum to emphasize on the relative strength of any potential features. The spectra were selected to cover the period before and after the SOAR spectrum of the fading stage (t = 196 days). The dates of the observations in UT time, and with respect to the light curve maximum (in the observer frame), are shown together with the instrument used. For the MagE spectra, only the orders containing the wavelength of Hα were used in the continuum fit. The colors of the spectra match the corresponding date and instrument. The spectra have an arbitrary flux offset and a horizontal line is drawn at the mean of each spectrum. The expected position of Hα (6562.8Å) is shown as the vertical green line.
were extracted using the optimal algorithm of Horne (1986) . Low-order polynomial fits to calibration-lamp spectra were used to establish the wavelength scale, and small adjustments derived from night-sky lines in the object frames were applied. We employed our own IDL routines to flux calibrate the data and remove telluric lines using the well-exposed continua of spectrophotometric standards (Wade & Horne 1988; Foley et al. 2003) . Details of our spectroscopic reduction techniques are described by Silverman et al. (2012) . We obtained two medium-resolution (R 4000) MagE optical spectra of ASASSN-15lh on 2016 Jan 16 and 2016 April 9. We extracted the echellette orders using Dan Kelson's MagE pipeline 3 . The 2015 October 17 du Pont spectrum was reduced using standard IRAF procedures. Figure 2 shows the spectroscopic evolution of ASASSN15lh. The shape of the spectra indicate that the source remained hot during the whole period of observation, in agreement with the blackbody fit (TBB 11000 K) to the photometric data presented in §3.
For the first ∼ 45 days the most prominent feature was Dong et al. 2016) . This feature has also been seen in the SLSNe-I SN 2010gx (Pastorello et al. 2010) , SN 2015bn (Nicholl et al. 2016b) , and PTF12dam (Nicholl et al. 2013) among others, and it has been attributed to O II (Quimby et al. 2011; Inserra et al. 2013) . The feature almost completely disappeared ∼ 35 days before the rebrightening began.
From the decline stage onward, the spectra show a mostly featureless continuum at all epochs, without the appearance of significant features, with the exception of the last spectrum. This SOAR spectrum taken at t = 196 days (corresponding to the fading stage) shows a slight bump near the expected position of Hα (6562.8Å). No such feature is seen at early-times (see Figure 2 of Dong et al. 2016 ).
Since the absence of H and He emission features is one of the key points for the SLSN-I hypothesis, this feature requires further investigation. Figure 3 shows a selection of spectra chosen to display the late-time evolution of ASASSN-15lh near the wavelength of Hα. The spectra were normalized by a smooth continuum to study the relative strength of any feature. The SOAR spectrum at t = 196 days is the only one with significant evidence for a bump near Hα. The du Pont spectrum at t = 134 days, and the SOAR spectrum at t = 162 days, do not show significant features at that wavelength. The MagE spectra at t = 225 days and at t = 309 days show hints of features near the Hα wavelength, but are also strongly affected by the quality of the telluric corrections and noise. We cannot definitively determine if the feature seen near the wavelength of Hα is an instrumental artifact, the effect of telluric lines, or a weak, transient broad Hα emission line. Milisavljevic et al. (2015) also report no sign of broad Hα emission at t = 135 days, while Leloudas et al. (2016) claim a Hα detection (FWHM 2500 km s −1 ) at t = 37 days. If real, the broad Hα emission would still be energetically negligible. It would be about ∼ 20 times weaker relative to the continuum than the Hα emission observed in the SLSN-I iPTF13ehe (Yan et al. 2015) . More importantly, Margutti et al. (2016) clearly identify narrow Hα and [N II] emission in a spectrum taken at t = 301 days, and convincingly argue that all the evidence for Hα emission from the transient is simply a blend of these emission lines produced by star formation in the nucleus of the host galaxy.
SED, LUMINOSITY AND EFFECTIVE TEMPERATURE EVOLUTION
As seen in Figure 1 , our UV monitoring was continuous except for the Sun constraint break (221 days < t < 249 days). In addition, the Swift V and B-band observations were interrupted between t = 135 days and t = 188 days due to their absence in the ToO requests during that period, but the gap was covered by the LCOGT photometry. After t =188 days Swift began to observe the source in the optical bands again, although not always including both the V and Bbands simultaneously. The LCOGT photometry was again used when needed. We obtained fluxes in each band by correcting for Galactic extinction, assuming E(B − V ) = 0.03 mag (Schlafly & Finkbeiner 2011) , and subtracting the host galaxy contribution. The fluxes were fit to blackbody models using Markov Chain Monte Carlo (MCMC) methods to derive luminosities, photospheric effective temperatures, and apparent photospheric radii. While the light curves of Figure 1 include all the photometric data, for t < 221 days (beginning of Sun constraint break) the SED calculations and blackbody fits only use epochs for which the Swift magnitudes satisfy σm 0.2, the LCOGT magnitudes satisfy σm 0.10, and the four UV bands have measured magnitudes. These quality cuts were not used for the period after the Sun constraint break, when the target was fainter, given the lower signalto-noise ratio of the observations. As in Dong et al. (2016) , for epochs earlier than t = 12 days, when the photometry relied only on ASAS-SN Vband data, we used two different priors on the blackbody temperature. One extrapolates between t = 12.5 days and t = 62.5 days and increases linearly in logarithmic scale towards earlier times, while the other assumes a constant temperature (the one at t = 12.5 days) for those epochs. After t = 12.5 days we did not use any prior on the temperature because Swift started observing ASASSN-15lh and UV photometry became available. The numerical values of the blackbody models are presented in Tables 3, 4 , and 5. Our results for the bolometric luminosity roughly agree with those presented by Brown et al. (2016c) . Figure 4 shows the observed and best-fit blackbody SED evolution, matching the five stages highlighted before. Models with the constant-temperature prior at early-times for the bolometric luminosity, effective temperature, and apparent photospheric radius are shown as the green symbols in Figures 5, 6, and 7, respectively. For comparison and discussion (see §4.3), the same quantities are also shown for the three ASAS-SN TDEs (Holoien et al. 2014 Brown et al. 2016a,b) and for a sample of SLSNe-I with available late-time data.
The effects of the UV rebrightening are visible in Figure 4 . From the peak through the decline and into the valley phases, the SED of ASASSN-15lh showed a monotonic decrease in luminosity while getting redder with a decreasing effective temperature. Later, when the rebrightening occurred, these trends reversed. The source increased both in luminosity (∼ 1.4 times) and in effective temperature (∼ 1.5 times). Later on, for the fading stage, the SED was less luminous than during the rebrightening, but it was still very blue and showed an even higher effective temperature (TBB 18000 K). This wavelength-dependent luminosity evolution shows that the "additional" radiation (in comparison with the monotonic SED decline at early-times) seen during the rebrightening is indeed peaking at the UV wavelengths.
The evolution of the blackbody bolometric luminosity, effective temperature, and apparent photospheric radius of 6 , and 7), all show monotonic trends from the peak into the valley, with the photosphere cooling as it expands and becomes less luminous. During this time, the luminosity drops considerably, from L bol 6.2 × 10 11 L to 1.1 × 10 11 L , the effective temperature drops from TBB 20000 K to 11000 K, and the photospheric radius increases from RBB 3 × 10 15 cm to 7 × 10 15 cm (assuming the constant temperature prior at early-times). The initial rapid rise in the radius of the apparent photosphere of ASASSN-15lh roughly corresponds to . SED evolution of ASASSN-15lh. The observed SEDs are shown as filled circles while the best-fit blackbody models are shown as solid lines. These epochs correspond to the dates highlighted in Figure 1 (see §2.1), and are within 2 days of the spectroscopy epochs shown in Figure 2 . The names of the phases, dates (in the observer frame), best-fit effective temperatures, and luminosities, are listed for each epoch in the corresponding color. The X-ray luminosity upper limit derived in §2.1, log 10 (L X /L ) 8.4, and the radio luminosity upper limit reported by Kool et al. (2015) , log 10 (L Radio /L ) 4.9, are below the scale of the figure. a velocity of ∼ 4700 km s −1 , as indicated by the purple line in Figure 7 .
Then, after t 90 days ( 73 days in the rest frame), when the UV rebrightening is seen in the multi-wavelength light curve (see Figure 1) , there is a rise in the effective temperature changing from TBB 11000 K to 18000 K at t 129 days ( 105 days in the rest frame), and it maintains this high effective temperature even after entering the fading stage. After the valley, the luminosity shows a plateau at L bol 1.3 × 10 11 L for roughly 120 days (∼ 97 days in the rest frame). The largest increase in luminosity over this period is only of a factor of ≈ 1.4. The large change in effective temperature at a nearly fixed luminosity then implies a significant drop in the apparent photospheric radius, from RBB 6.5 × 10 15 cm to RBB 2.3 × 10 15 cm. We interpret this decrease in the photospheric radius as seeing deeper into the ejecta, as the outer layers become optically thin.
After the fading stage, the bolometric luminosity decreases monotonically, the effective photospheric temperature oscillates with a constant overall trend, and the photospheric radius shows a decreasing trend. In the latest epochs, the luminosity has dropped to L bol 1.6 × 10 10 L , while the photospheric radius has decreased to RBB 1.3 × 10 For comparison, the evolution of the same quantity is shown for the three ASAS-SN TDEs (stars, see Holoien et al. 2016a) , and for a sample of SLSNe-I with late-time observations (diamonds). For all the transients, the data are shown in the rest frame with respect to either the maximum of the light curve or the discovery date.
rameters are greater because of the poorer photometry, as ASASSN-15lh gets fainter. One possibility for explaining the behavior during the rebrightening phase is additional energy injection that both increased the effective temperature, and stabilized the bolometric luminosity. Alternatively, there could be two components to the luminosity: an optical component that continues to cool and fade with time, and a UV component that peaks at t 150 days ( 122 days in the rest frame). This second scenario would explain the change in effective temperature without needing additional late-time energy injection, but would likely require a change in opacity to allow more UV photons to escape at late-times (but see also Metzger et al. 2014) .
DISCUSSION

Energetics
Blackbody models, while not perfect, are commonly used for SN SED fits (for recent examples see Arcavi et al. 2016 and Nicholl et al. 2016b ). Even though ASASSN-15lh SEDs show deviations from our best-fit blackbody models (see Figure 4) , the approximation of its emission coming from a thermal photosphere allows us to model the bolometric luminosity and energy of the event, in addition to obtaining estimates for the effective temperature and photospheric radius. The X-ray non-detections derived in §2.1 (or the weak detection of Margutti et al. 2016 ) support a roughly thermal drop off in the SED at higher energies. Trapezoidal integration of the bolometric luminosity was used to calculate the energy emitted by ASASSN-15lh from discovery through t = 525 days after maximum. We estimate the total radiated energy (in the rest frame) to be E 1.7 × 10 52 ergs for the constant-temperature prior, and E 1.9 × 10 52 ergs for the rising-temperature prior. The choice of the prior dominates the uncertainties in these estimates.
To quantify the impact of the UV rebrightening in terms of energy, we separated the integral of the bolometric luminosity from discovery (t −29 days) to the valley stage (t 81 days), and from the valley to the latest epoch (t 525 days). ASASSN-15lh radiated ∼ 9.6 × 10 51 ergs (56% of the total energy) before the rebrightening started, and ∼ 7.4 × 10 51 ergs (44%) after.
ASASSN-15lh and its UV rebrightening in the context of SLSNe powering mechanisms
The physics behind SLSNe-I are poorly understood. Three commonly invoked mechanisms are: the radioactive decay of 56 Ni (Gal-Yam et al. 2009; Young et al. 2010) , interaction between the SN ejecta and a dense circumstellar medium (CSM) (Chevalier & Irwin 2011; Ginzburg & Balberg 2012; Chatzopoulos et al. 2013; Sorokina et al. 2016) , and the spindown of a magnetar (a highly magnetized and rapidly rotating neutron star) (Kasen & Bildsten 2010; Woosley 2010; Inserra et al. 2013) . Given the extreme ∼ 2.2 × 10 45 ergs s −1 peak bolometric luminosity, the radioactive decay of 56 Ni is strongly disfavoured as one of the powering mechanisms for ASASSN15lh. Recently, Kozyreva et al. (2016) estimated that a nickel mass of 1500 M would be required to explain this peak luminosity. However, the bolometric luminosity evolution obtained for this explosion differs significantly from the observed evolution (see their Figure 3 ). Consequently, this mechanism can be ruled out as a plausible driver of the explosion. For SLSNe-II (H-rich), which appear to be the highluminosity counterparts of SNe IIn, CSM interaction seems to be the powering mechanism (Gal-Yam 2012, but see also Inserra et al. 2016) . For this same mechanism to power SLSNe-I, however, the CSM would probably need to be H-poor, since no H emission lines are seen in the spectra of these events. This H-poor CSM interaction mechanism was favoured by Chatzopoulos et al. (2016) in order to explain the bolometric luminosity evolution of ASASSN15lh, although large ejecta and CSM masses (∼ 36M and ∼ 19.5M , respectively) would be needed. While providing a good fit to the overall luminosity evolution, detailed calculations of the expected multi-wavelength light curve are needed to see if the observed UV rebrightening can be explained in this context. More theoretical work is also needed to understand whether the absence of narrow emission lines in the spectra of ASASSN-15lh disfavours this scenario.
The magnetar model suggested by Dong et al. (2016) to explain the peak bolometric luminosity required a magnetar with a period P 1 ms and a magnetic field B 10 13 -10 14 G, assuming efficient thermalization in the envelope, based on the models of Kasen & Bildsten (2010) . These parameters could explain a radiated energy of up to ∼ 10 52 ergs, but seemed extreme for a magnetar because they pushed the model close to the point where gravitational waves losses limit the available energy (Dong et al. 2016) . Nevertheless, recent studies have claimed that the total radiated energy that can be extracted from the spinning down of such magnetar might be even higher. Both Metzger et al. (2015) and Sukhbold & Woosley (2016) argue that the upper energy limits of the magnetar model are still higher and are not exceeded by ASASSN-15lh.
To reproduce the early-stages of the light curve of ASASSN-15lh with the magnetar model, Metzger et al. (2015) used an ejecta mass of Mej = 3M . Given the ejecta mass, it is possible to make an order-of-magnitude estimate of the scale at which the ejecta should become optically thin, because the optical depth through the medium is
Setting τ = 1, and using an opacity of 0.2 cm 2 g −1 (Metzger et al. 2015) , we can solve for R to find
This estimate is in rough agreement with our derived blackbody radius at the time the ejecta begins to recede, R bb 7 × 10 15 cm at ∼ 70 days. Even for higher ejecta masses (Mej 11.2M , Sukhbold & Woosley 2016), or slightly different opacity values, the radius estimates are still of the same order.
The standard magnetar model predicts a power-law luminosity decay L bol ∝ t −2 (Inserra et al. 2013 ). This monotonic decay is obviously absent for ASASSN-15lh, given that the observed UV rebrightening is associated with a plateau phase in the bolometric luminosity. A scenario where multiple processes are involved in powering SLSNe is certainly conceivable, and observational evidence for this has been found previously. An example is iPTF13ehe (Yan et al. 2015; Wang et al. 2016 ), a SLSN-I that showed a late (∼ 250 days in the rest frame, Yan et al. 2015) r-band rebrightening, together with the appearance of broad Hα emission in the spectrum. Yan et al. (2015) argued that the Hα feature is caused by interaction between the SN ejecta and a H-rich CSM. Moreover, Wang et al. (2016) argued that all three of the possible SLSN mechanisms we discussed above could be involved in explaining the observed spectra and light curve evolution of iPTF13ehe. A magnetar and the decay of 56 Ni could be simultaneously powering the early-time light curve, while interactions between the SN ejecta and the CSM would be the power source at late-times.
Similarly, multiple power sources could also be powering ASASSN-15lh, as suggested by Chatzopoulos et al. (2016) . ASASSN-15lh, however, differs from iPTF13ehe. The rebrightenings were seen at different rest-frame wavelengths (λrest 1600Å for ASASSN-15lh and λrest 4600Å for iPTF13ehe), and ASASSN-15lh shows no new prominent spectral features. It basically has a blue and mostly featureless spectrum at all times, with the hint of Hα being associated with star formation in the host (Margutti et al. 2016 ). The r-band rebrightening seen in iPTF13ehe is quite different because it was accompanied by the appearance of strong Hα emission.
Comparison of ASASSN-15lh with TDEs and
SLSNe-I
Blackbody Parameters
In Dong et al. (2016) , the early-time observations of ASASSN-15lh lead us to classify the transient as a SLSN-I, given the resemblance of its spectra with such transients. Nevertheless, given that the position of ASASSN-15lh is consistent with the center of its host galaxy (angular separation of ∼ 0. 2, implying a projected physical separation of ∼ 750 pc, Dong et al. 2016 ), a potential alternative interpretation for its nature is a TDE. We compiled a list of both SLSNe-I and optically bright TDEs, preferably with late-time photometric observations, and Figures 5, 6 , and 7 compare their rest-frame evolution in luminosity, temperature, and photospheric radius to ASASSN-15lh. For the TDEs, we compare with the well studied systems ASASSN-14ae (Holoien et al. 2014; Brown et al. 2016a ), ASASSN-14li Brown et al. 2016b) , and ASASSN-15oi ). For the SLSNe-I, we compare with PTF12-dam (Nicholl et al. 2013; Chen et al. 2015) , PS1-14bj (Lunnan et al. 2016) , and SN 2015bn (Nicholl et al. 2016b,a) .
PS1-14bj (at z = 0.5215), PTF12dam (at z = 0.107), and SN 2015bn (at z = 0.1136) are all SLSNe-I that evolved slowly, and could therefore be tracked until very late-times. PS1-14bj was followed-up in the optical but not in the UV, while PTF12dam and SN 2015bn were observed by Swift in the UV, but only until 22 days and 120 days after peak, respectively. For PS1-14bj, the blackbody parameters were taken from Lunnan et al. (2016) (derived using the grizbands data). For PTF12dam we show the blackbody parameters from Nicholl et al. (2013) . For SN 2015bn, the blackbody parameters are from Nicholl et al. (2016b) (derived using the U V W 2 to K-bands fits) until 140 days, and those of Nicholl et al. (2016a) (derived using u to K-bands fits) for later times. Of these SLSNe-I, both PS1-14bj and SN 2015bn showed undulations in their multi-wavelength light curves.
In Figure 5 we compare the bolometric luminosity evolution. ASASSN-15lh stands out from both the TDEs and SLSNe-I, as it is ∼ 1 order of magnitude more luminous than all comparison objects at almost all epochs. Excluding ASASSN-15lh, both classes of transients can have similar peak bolometric luminosities, between ∼ 1-7 × 10 10 L . The ASAS-SN TDEs and most of the SLSNe-I have monotonically dropping luminosities. Only SN 2015bn shows a short plateau (15-day long at L 2.5 × 10 10 L ), which was also much more pronounced in the UV than in the optical (Nicholl et al. 2016b ), resembling ASASSN-15lh. Figure 6 shows a wide variety of behaviours for the effective temperature of the transients. There is a resemblance between the evolution of ASASSN-15lh and ASASSN-14ae. Besides overlapping temperature values (10000 K TBB 20000 K), they both decrease in temperature initially, followed by an increase. The timescales, however, are different. While the temperature of ASASSN-15lh starts increasing at t 70 days, the temperature of ASASSN-14ae starts increasing at t 20 days.
For SN 2015bn, there is a break in the temperature evolution coincident with the start of the luminosity plateau. It goes from a steady decrease in temperature (∼ 11000 K at t 0 days), to a 15-day long plateau at TBB 8500 K. After this, the effective temperature remains almost constant at ∼ 7000 K until very late-times (see also Figure 1 of Nicholl et al. 2016a ). PS1-14bj has a very different evolution, showing an effective temperature that increases from ∼7500 K to ∼10000 K (even higher temperatures were obtained by Lunnan et al. (2016) using the riz-only fits). No clear distinction can be made between TDEs and SLSNe-I based on their effective temperature evolution. Figure 7 shows that there is a clear distinction between TDEs and SLSNe-I in their photospheric radius evolution. At time of maximum/discovery, the SLSNe-I tend to have larger photospheres than TDEs. This difference increases with time because the photospheric radii of the SLSNe-I shrink much more slowly than those of TDEs. Here, ASASSN-15lh is clearly similar to the SLSNe-I and different from the TDEs, as it remains above ∼ 10 15 cm for more than ∼ 450 days. In fact, blackbody radii of ∼ 10 15 cm are also typical of other SLSNe-I (e.g. Quimby et al. 2011) . Figure 7 shows that ASASSN-14ae and SN 2015bn also have breaks in their photospheric radius evolution. However, once ASASSN-14ae starts shrinking, it evolves much faster. For SN 2015bn the radius evolution break happens simultaneously with the luminosity and temperature plateaus.
Of the TDEs ASASSN-14ae would be the most similar to ASASSN-15lh in temperature and radius evolution, although it is also the least luminous of the three. For the SLSNe-I, SN 2015bn shows a luminosity plateau, and the multi-wavelength light curve at this time has a similar behaviour to what was seen in the U -band of ASASSN-15lh after the valley.
It is important to note that SLSNe have not been generally observed at UV wavelengths at late-times. When they have been, as in SN 2015bn, the cadence tends to be poor. Figure 1 shows how important UV observations are for energetic transients, as the UV rebrightening of ASASSN-15lh would have been missed without Swift observations. Only the U -band showed a strong change in its evolution, while the V and B-bands simply continued to monotonically decline. Therefore, while the rebrightening seen in ASASSN15lh seems unique, we do not actually have the data to place strong constrains on the existence of similar episodes in SLSNe at late-times. This is different from the ASAS-SN TDEs, where the late-time UV data are available.
Spectroscopic Evolution
The spectroscopic features shown by ASASSN-15lh are peculiar among SLSNe, but they are also peculiar among TDEs. The early-time spectroscopy, and in particular the resemblance of the absorption feature at ∼ 4100Å to SN 2010gx, pointed towards the correct redshift of ASASSN15lh, and was later confirmed by detecting the Mg II absorption doublet at 2796Å and 2803Å (Dong et al. 2016) . Leloudas et al. (2016) agree that the ∼ 4100Å feature is not seen in TDEs, but argue that the absence of the ∼ 4400Å feature in the early spectra of ASASSN-15lh points towards a different physical origin than the O II interpretation for SLSNe-I. In addition, the early-time spectrum of SN 2010gx was reproduced with simple assumptions by Margutti et al. (2016) (see their Figure 6 ), but this was not the case for ASASSN-15lh, because of the missing ∼ 4400Å absorption feature. The possibility that our initial conjecture of the redshift of ASASSN-15lh, based on the similarities of its early spectra with other SLSNe-I, was only serendipitous, cannot be discarded.
Looking at the overall evolution, Figure 2 shows that the spectrum ASASSN-15lh is always continuum dominated, even at very late-times, without the appearance of nebular features. This differs from what has been seen in SLSNe-I and optically bright TDEs. These TDEs all show prominent He or H+He emission lines soon after peak (e.g., Arcavi et al. 2014; Holoien et al. 2016b,a) , while the SLSNe-I stop being continuum dominated well before the time of our latest ASASSN-15lh spectrum (Nicholl et al. 2016b; Lunnan et al. 2016) . Although here we do not perform direct comparisons between the spectra of ASASSN-15lh with TDEs and SLSNe, recently Leloudas et al. (2016) carried out such exercise (see their Supplementary Figure 1) , showing that similarities and differences arise with both classes of transients, without finding any definitive evidence favouring either class based on their spectra.
Rates and Energies
As a last comparison, Figure 8 shows the rough distribution of TDEs and SLSNe-I as a function of rate and radiated energy. Dong et al. (2016) estimated the rate of ASASSN15lh-like events to be r = 0.60 yr −1 Gpc −3 (0.21 < r < 2.8).
For SLSNe-I, Quimby et al. (2013) estimated the rate to be r = 32 yr −1 Gpc −3 (6 < r < 109) (see also Prajs et al. 2016 for a rate at z ∼ 1). For TDEs, van Velzen & Farrar (2014) estimated the rate to be r = (1.5 − 2.0)
galaxy −1 , corresponding to a volumetric rate of r = (4 − 8)×10
1±0.4 yr −1 Gpc −3 . The TDE rate estimated by Holoien et al. (2016b) , r 4.1×10 −5 yr −1 galaxy −1 (2.2 < r < 17.0), is higher than that of van Velzen & Farrar (2014) , though they are consistent within the uncertainties. The discovery of the third ASAS-SN TDE promptly after the second one lead us to favour the rate estimated by Holoien et al. (2016b) . In order to translate this rate per galaxy to a volumetric one, we have followed Kochanek (2016) and scaled it with a constant rate ratio relative to that of van Velzen & Farrar (2014) .
We integrated the bolometric luminosity of the objects used in Figures 5-7 using the trapezoidal rule to estimate the radiated energies. For SLSNe-I and TDEs, we have defined the minimum (maximum) of the energy interval to be the energy of the least (most) luminous event within the class, and the representative energy as the average energy of the members. For ASASSN-15lh, we have defined the energy interval using the constant and rising temperature prior at early-times, and the representative energy as the average of those. For ASASSN-14li we adopted the total radiated energy of E 7 × 10 50 ergs including the X-ray emission reported by Brown et al. (2016b) . Figure 8 shows that events as energetic as ASASSN15lh are rare among both TDEs and previously identified SLSNe-I, but the stretch from the SLSNe-I to ASASSN-15lh is much less extreme than for the TDEs. It is plausible that ASASSN-15lh is simply an extension of the SLSN distribution as we noted in Dong et al. (2016) . Making ASASSN15lh an extension of the TDE distribution is much more challenging because of the high TDE rates and the absence of TDEs of intermediate energies, in addition to the extreme parameters required under this scenario (see Leloudas et al. 2016 ).
SUMMARY
Here we report on the peculiar evolution of ASASSN-15lh. The two most salient features are an extended UV rebrightening phase followed by a renewed fading, and a continued lack of spectroscopic features. The total radiated energy is roughly E 1.7 × 10 52 ergs, with ∼ 56% coming from the initial phase and ∼ 44% from the later plateau and fading phases.
We continue to favor the SLSN-I interpretation of this event over the primary alternative of a TDE. No optically bright TDE to date shows an absence of broad emission lines like ASASSN-15lh. The recent results from Margutti et al. (2016) clearly show that the weak feature we discussed relative to our SOAR fading stage spectrum, and the feature interpreted as broad Hα by Leloudas et al. (2016) , is actually a blend of narrow Hα and [N II] emission, probably due to star formation in the galaxy nucleus.
We also compare the evolution of ASASSN-15lh in luminosity, effective temperature, and photospheric radius to a selection of SLSNe-I and optically bright TDEs. Only the photospheric radius seems to clearly separate the two classes, and for this parameter ASASSN-15lh behaves like a SLSN-I. The luminosity and temperature evolution provide no strong discrimination between the two classes, possibly due to the lack of good UV data for typical SLSNe. We also note that the radiated energy and the event rate implied by ASASSN-15lh are easier to reconcile with the properties of SLSNe-I than with those of TDEs.
Continued monitoring of ASASSN-15lh will help to address some of these issues. For example, the X-ray emission detected by Margutti et al. (2016) is really only interpretable if it is seen to vary. The most likely route to resolving the riddle of ASASSN-15lh is simply to obtain better population statistics. In particular, larger TDE samples will clarify the range of their evolutionary and spectral properties. Continuous UV observations of SLSNe will clarify whether features like the rebrightening and plateau phases of ASASSN-15lh are ubiquitous in these events, as potentially hinted by SN 2015bn.
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